Background: Lipomas are benign solid tumours that develop in soft tissues with origin in mesenchymal progenitors. Macroscopically, they appear as soft-elastic nodules, varying in volume from a few millimiters to several centimetres and can enlarge progressively. Although they are usually asymptomatic, they can cause symptoms due to nerve or vessel compression. Microscopically they appear as fibrous connective tissue stroma with embedded adipocytes, and absence of inflammation. Up to now no characterisation of stem cell population present in this tissue has been performed. Methods: Cytofluorimetric, biological and molecular biology analyses have been performed in order to test superficial cell markers and gene expression profile related to stemness and apoptotic activity of cells present in lipoma tissues compared to those of adipose tissue's cells.
Introduction
Lipomas are common soft tissue neoplasms of mesenchymal origin; they involve the head and neck region in 20% of the cases, the oral cavity in 1 to 4% and other body regions in the remaining cases. A lipoma frequently originates in subcutaneous tissues and is delineated from the surrounding fatty tissue by a subtle fibrous capsule. The lesion can display different histological variants, such as fibrolipomas, intramuscolar lipomas, and spindle cell lipomas, and has an unknown pathogenesis with a median age of onset of 55 years. In physiologic condition adipose tissue contain adipocyte progenitor cells [1] that have the ability to differentiate along multiple lineage in vitro [2] and in vivo [3, 4] and are alluded to as adipose-derived stem cells (ASCs) [5] . Human ASCs have been found to be CD34+, although they lean to be deprived of CD34 expression with culture time. CD34 is a marker for hematopoietic and mesenchymal stem cells (MSCs) and its presence is physiologically detectable in the perivascular environment of many tissues of post-natal organisms. The possibility that MSC derive from the vasculature can be explained with the maintenance of the stem cell pool [6] in a fast-recruitable compartment ready for tissue regen-
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The presence of CD34 + cells in lipomas is well-known [8] and is used to confirm the histological diagnosis [9, 10] . A varying amount of CD34 + spindle cells is generally detectable within the lesion [11, 12] : they are more numerous near vessels [13] , whereas the adipocytes and the other differentiated cells are negative for CD34 expression [14] , leading to the hypothesis of an abnormal proliferation of normal CD34 perivascular cells in various types of lipomas and some liposarcomas [13] . A proliferation of CD34 + dendritic cells in a variety of fibrovascular and fibrohistiocytic tumours has been reported [15] and hypothesized for Kaposi's sarcoma, also too [16] . As in human adipose tissues, a neoplastic transformation is thought to be related to the expression of a several number of genes [17] : cytogenetic abnormalities and differences in gene expression have been reported for lipomas when compared with normal adipose tissues, although no genes were solely expressed in lipomas or adipose tissues and overexpression of no known gene was identified in the lipomas [17] .
Here, we present 20 cases of human lipomas, in different body regions. We performed analyses of primary cultures from the lipomas and challenged the cultures for CD34 at different stages, up to day 30, comparing these cultures with samples from normal adipose tissues. MSCs are characterized by a progressive loss of CD34 antigen in long term cultures in a terminal differentiation process: abnormalities in the physiological process of self-renewal of the stem cell pool could lead to abnormal proliferation observed in lipomas following tissue injury, as reported during anamnesis collection. The purpose of this study is to improve our understanding of cancer stem cells biology and to provide aid in the diagnosis of mesenchymal tumours through the identification of a key-role marker, such as CD34, supposedly involved in the pathogenesis of lipomas.
Materials and Methods

Sample collection and cell culture
After informed consensus, lipomas were collected from male and female patients in OUC of Plastic and Reconstructive Surgery. Surgical samples were gently removed and divided into 3 parts: the first part was used for histology, one for molecular biology and the second part was immersed in a digestive solution: penicillin 100U/ml/streptomycin 100 μg/ml, 0.6 ml claritromycin 500μg/ml in 4 ml PBS 1M, with 3 mg/ml type I collagenase, 4mg/ml dispase for 1 h at 37°C. Once digested, the solution was filtered through 70μm Falcon strainers (Becton & Dickinson, Franklin Lakes, USA). After filtration and washing, the pellet was resuspended in erythrocyte lysis buffer (155 mM ammonium chloride, 10 mM potassium bicarbonate, 0,1 mM EDTA, pH 7.3) for 10 min at room temperature. The cell suspension was centrifuged at 1,300 rpm for 7 min and the pellet resuspended in 5 ml of Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS), 2 mM L-glutammine, 100 U/ml penicillin and 100 μg/ml streptomycin. Flasks were incubated at 37°C with 5% CO2 and the medium changed twice a week. As controls, normal human adipose tissue samples were collected and managed as above.
Flow cytometry and sorting
Cells (from lipoma and normal adipose tissue) were detached using trypsin-EDTA (200 mg/L EDTA, 500 mg/L trypsin; Cambrex, Milan, Italy). Cells were incubated with primary antibody for 30 min at 4°C, washed twice in PBS and incubated with a secondary antibody. Alternatively, cells were incubated directly with fluorescent-conjugated antibodies for 30 min at 4°C, washed and resuspended in 0.6 ml of PBS. Samples were analysed at day 0 (day of surgery) and day 30 by flow cytometry using a FACS Aria II (Becton&Dickinson, Mountain View, CA). The antibodies used in this study were: anti-CD34 PE and anti-CD45 FITC (all purchased from Miltenyi-Biotech, Calderara di Reno, Bologna, Italy). CD34 + and CD34 -cells were sorted for experiments. The purity of sorted population was routinely 90%.
Cell Proliferation assay
The experimental group consisted of CD34 + cells from lipoma, while the control group consisted of CD34 + cells from normal adipose tissue. The cell culture medium was exchanged every 2 days. Cell culture plates were obtained following 2, 4, 6, 8 and 10-day culture periods. The entire medium was aspirated, prior to the addition of 1 ml DMEM cell culture liquid and 200 μl MTT (5 mg/ml; Sigma, Milan, Italy) to each well and 5 h incubation at 37˚C. Following this, the supernatant was aspirated and 450 μl DMSO (Sigma) was added to each well. The cells were then agitated for 15 min, prior to 200 μl of the liquid being removed and transferred to a 96-well plate. An enzyme-linked immunosorbent assay detector was used to monitor the photometric value at a wavelength of 570 nm (A570). The A570 was proportional to the rate of cell proliferation. At each time-point, seven wells were used to determine the mean and standard deviation values for the two groups (experimental and control).
Cell number was then determined from a standard curve (photometric value vs. cell number) generated by MTT extraction from counted cells.
Haematoxylin & Eosin staining
Samples (lipoma and normal adipose tissue) were fixed with 4% paraformaldehyde for 24 h at 40°C, washed in PBS, incubated in 30% sucrose for 3 days, washed in PBS and then embedded in an optimal cutting temperature (OCT-purchased from Bio-Optica, Milan, Italy). They were then stored at -80°C for hematoxylin and eosin (H&E) staining. The frozen sections in the OCT were cut into 5 μm thick slices, washed in distilled water for 10 min. For H&E staining, sections were placed in haematoxylin for 5 min. After three washes in distilled water, samples were placed in spring water for 20 min. Then, the samples were placed in eosin acidified with acetic acid for 30 s. They were then placed in 50%, 75%, and 96% EtOH and mounted with DPX.
Immunofluorescence and Immunohistochemistry
-For Frozen sections in OCT, the samples were cut into 5 μm thick slices, washed in distilled water for 10 min. For immunofluorescence, tissue sections were incubated in PBS at 5% milk for 60 min at room temperature. After a double washing in PBS for 10 min at room temperature, tissue sections were incubated overnight at 4°C with monoclonal anti-human antibodies (diluted 1:100 in PBS). Sections were washed in PBS three times for 10 min at room temperature and incubated for 90 min at 4°C with the secondary FITCor PE-conjugated antibody (diluted 1:200 in PBS; AbCam, Cambridge, UK).
Tissue sections incubated for 90 min at 4°C only with conjugated secondary antibodies were used as negative controls. The sections were then observed under a fluorescence microscope (Nikon Instruments Italia, Calenzano, Firenze, Italy). The antibodies used were: anti-CD34 (Miltenyi-Biotech).
-Immunohistochemical analyses were performed with a DAKO CYTOMATION kit (En Vision+System-HRP-AEC; Dako Italia, Milan, Italy) according to the manufacturer's protocol. The antibodies used were anti-adiponectin (AbCam) and anti-PPAR-γ (AbCam).
Semi-quantitative analysis of cells
In order to analyse the cellular characteristics of adipose cells present on lipoma and normal fatty tissue masked microscopic examinations were performed on immunostained sections. Briefly, two investigators analysed in a masked fashion at least 3 slides for each experiment by light microscopy using as the initial magnification. Each slide contained 3 sections of specimen and 5 fields of 322 µm 2 each were analysed for each tissue section. Experiments were performed at least three times.
RT Profiler PCR array
Total RNA from lipoma and normal human adipose tissue (control) samples were extracted with RNeasy Mini Kit (Qiagen Gmbh, Hilden, Germany), including DNase digestion with the RNase-Free DNase Set (Qiagen Gmbh). The RNA quality and concentration of the samples was measured using the NanoDropTM ND-1000 (Thermo Scientific). 500 ng of total RNA of each sample were reverse transcribed with RT 2 First Strand kit (Qiagen Sciences, Germantown, MD USA). Real-Time PCR was performed according to the user manual of the Human Mesenchymal Stem Cell RT 2 Profiler PCR array (SABiosciences, Frederick, MD, USA) and of the Human Apoptosis RT² Profiler PCR Array using RT 2 SYBR Green ROX FAST Mastermix (SABiosciences). Human Mesenchymal Stem Cell RT 2 Profiler PCR array profiles the expression of 84 genes involved in maintaining pluripotency and self-renewal status ( Table 1) whereas Human Apoptosis RT² Profiler PCR Array profiles the expression of 84 key genes involved in programmed cell death ( Table 2) . Thermal cycling and fluorescence detection were performed using a Rotor-Gene Q 100 (Qiagen). Data were analyzed using Excel-based PCR Array Data Analysis Templates (SABiosciences). Results are reported in term of ratio between the expression of each target gene in lipoma sample and in the control sample. 
Statistical analysis
Statistical analysis was performed using SPSS version 13.0 statistical software (SPSS, Inc., Chicago, IL, USA) and group comparisons were conducted using a t-test. All values are presented as the mean ± standard error (SE). P<0.05 was considered to indicate a statistically significant difference.
Results
After informed consensus, we performed surgery on male and female patients affected by lipomas: lipomas were collected from the trunk, from the leg, from the chest and from the neck. All patients were in good health and with normal BMI.
Cytometric analyses, performed after digestion of surgical samples, showed that CD34 expression was 18,42±2.2% of total cell population from lipoma; CD45 positive cells were 3,02±1% and all were positive also CD34 marker (Fig. 1A) . In normal tissues CD34 positive cells were 22,98%±3.4% of total cell population and CD45 was 0,03±1% and, also in this case, all were positive for CD34 marker (Fig. 1B) . We sorted CD34 + cells both in normal and in pathological samples and we used these cells to continue the experiment. We also cultured non-sorted population to prospectively compare the expression of CD34 (data not shown).
After 30 days of culture, we analysed CD34 and CD45 expression in sorted and non sorted cell cultures. Interestingly, we found that in normal non sorted cultures, CD34 expression was very lower than at day 0; this event did not occur in pathological cultures, where the expression remained more or less at the same levels of day 0 (Fig. 1C,D) .
The MTT assay's results unveiled that the CD34+ cells from the lipoma were capable of a faster growth and proliferation compared to CD34+ ASCs. At the second and fourth-day time-points, a noteworthy dissimilarity was witnessed between the control and experimental groups, and the cell proliferation of the experimental group was higher than that of the control group; significant differences between the two groups were also identified at the sixth, eighth and tenth-day time-points ( Fig. 2) .
Histopathology sections revealed (table 3) the absence of ruptured adipocytes in both lipoma and normal fatty tissue. Adipocytes differing in size have been found: the portion of small adipocytes was critically higher in lipoma tissue than in normal adipose tissue (Fig. 3A,C) . CD34 was present in both lipoma and normal adipose tissue. Moreover, it has been repeatedly detected that the CD34 positivity was more prevalent round small adipocytes in lipoma tissue (Fig. 3B,D) .
Adiponectin expression was lower in CD34+ lipoma cells contrasted with normal CD34 + ASCs in all patients (Fig. 4A,B) . However, in our specimens no noticeable difference in the expression of PPAR-γ was ascertained between CD34 + lipoma cells and normal CD34 + ASCs (Fig. 4C,D) . In order to characterize the stemness properties of the stem cells present in lipoma's tissue, the gene expression for stemness markers has been performed and results are shown in figure 5A . In the figure is it possible to note an up regulation for: CD54, CD34, CD90, CD44, Nanog, Oct3/4, IL6, TNF alfa, leptin, Adiponectin, Restin and PPARγ. Moreover he have found interesting up regulation of several genes, that we have grouped (Fig 5B-H) for specific activity. In By contrast a down regulation for only 3 genes is reported: Growth differentiation factor 6 (GDF6), Colony stimulating factor 3 (granulocyte) (CSF3), Bone morphogenetic protein 4 (BMP4)
To great interest is the higher expression of gene related to vascularization process are present such as VCAM1, VEGFA and VWF and, notably, also higher expression of stemness related markers by mesenchymal stem cells such as TERT (direct to protect telomeres) and WNT3 involved on stem cell niche and ZFP42 characterizing pluripotent stem cells. These markers indicate that CD34+ lipoma cells show higher vasculogenic properties and a bigger resistance in aging.
Finally, we centered our attention on apoptotic pathway gene expression ( Fig. 5I-P) , where is reported an up regulation for BCL2-like 10 (apoptosis facilitator) (BCL2L10), BH3 interacting domain death agonist (BID), Caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase) (CASP1), Caspase 14, apoptosis-related cysteine peptidase (CASP14), CD27 molecule (CD27), CD40 ligand (CD40LG),Cell death-inducing DFFA-like effector a (CIDEA), Fas ligand (TNF superfamily, member 6) (FASLG), NLR family, apoptosis inhibitory protein (NAIP),Tumor necrosis factor (ligand) superfamily, member 8 (TNFSF8), Tumor protein p73 (TP73), Cell death-inducing DFFA-like effector a(CIDEA), Tumor protein p73 (TP73); Tumor necrosis factor receptor superfamily, member 25 (TNFRSF25), BCL2-like 1(apoptosis facilitator) (BCL2L10), BH3 interacting domain death agonist (BID), Caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase) (CASP1), Caspase 14, apoptosis-related cysteine peptidase (CASP14), CD27 molecule (CD27),Fas ligand (TNF superfamily, member 6) (FASLG), BCL2-like 10 (apoptosis facilitator) (BCL2L10); CD40 ligand (CD40LG); BCL2-like 10 (apoptosis facilitator) (BCL2L10). By contrary a down regulation has been observed on expression related to Fas (TNFRSF6)-associated via death domain (FADD);F as (TNFRSF6)-associated via death domain (FADD), Tumor necrosis factor receptor superfamily, member 10b (TNFRSF10B); Tumor necrosis factor receptor superfamily, member 11b (TNFRSF11B).
Resuming, in lipoma's tissue we found a greater expression of several genes associated to the increase of negative regulator of apoptotic event and a down-regulation of apoptotic markers.
Discussion
Histolopathological classification and classification of tumours of the soft (mesenchymal) tissues includes Tumours of fibrous tissue (such as fibroma, fibrosarcoma, others sarcoid), Tumours of fat tissue (lipoma and liposarcoma), Tumours of muscle tissue (such as leiomyoma, leiomyosarcoma, rhabdomyoma, rhabdomyosarcoma), Tumours of blood and lymph vessels (such as haemangioma, angiosarcoma, glomus tumour, lymphangioma, lymphangiosarcoma), mesenchymal tumours of peripheral nerves and mast cell tumour (mastocytoma) [18] .
The simple lipoma is the most common, accounting for 80% of adipose tissue tumours. The angiolipoma, the lipoblastoma and intermuscular lipoma constitute the 18% [19] . Cytogenetic abnormalities have been reported: rearrangement of the 12q1415, the 6p and 13q deletion [20] . The lipoma appears in the third decade of life, when the fatty tissue begins to accumulate. Diabetes and obesity are conditions favourable to its development. Histologically, lipoma is composed of mature fat cells, circumscribed by a thin fibrous capsule. It can be the site of traumatic bleeding or necrosis with the presence of granulomas [21] . Malignant adipose tissue tumors are also known as liposarcomas [22] . Liposarcomas occur in patients of all ages, most frequently in the sixth decade, affecting mainly the thigh, the popliteal area and the retroperitoneal fat. We recognize different histological variants with hypochromatic, ovoid or round nuclei and mitotic figures.
Histology and imaging are two completing morphological techniques playing a pivotal role in the diagnosis and management of soft tissue tumors. Imaging enables to identify benign lesions like lipoma. There is no strict canon for diagnosis of a sarcomas basing on radiological findings, however, in the presence of necrosis and invasion, malignancy can strongly be suspected. Furthermore, these benign and malignant lesions may be confused/misunderstood. At times, even the most experienced pathologists strive to draw up an accurate classification of lipomatous tumours. Given that the diverse types of lipomatous tumours display significantly different biological behaviours, a correct diagnosis is fundamental. Lipoma-derived stem cells lines are a treasured model system for studying the genesis of liposarcomas and for preclinical inquiries. Poorly differentiated and aggressive neoplasms have been correlated to the expression of the embryonic stem cell markers OCT3/4 and NANOG [23] . In our case, the expression of embryonic markers is low enough to justify the lack of aggressiveness and high differentiation of the tumour. The expression of cell surface antigens is frequently employed as cancer stem cells (CSC) markers. Lipoma-derived stem cells may originate from hASCs and we ascertained the expression of CD34, CD90, CD44 and CD54, all expressed on hASCs [2, 3, 5] . The CD90 exhibition has not been related to sarcoma CSCs in contrast to CD133 marker. The low expression of CD90 in lipoma samples shows the different histologic nature of lipoma compared to liposarcoma. CD44 is a CSC marker in many neoplasms albeit it has not been employed as sarcoma CSC marker [24] . Nevertheless, CD44, as well as CD54, is expressed in lipoma cell lines. Their presence can be explained by the ability of local tumour progression and the rich neo-angiogenesis. Interestingly, lipoma increase in size with body weight gain, but weight loss does not decrease their size, this behaviour can be justified by the fact that lipoma cells may originate from mesenchymal stem cells [25] . In adipose tissue, CD34 + cells appear extensively distributed and form a well-organized network that surrounds lobes and lobules, intimately associated with microvessels and adipocytes. Our results showed small adipocytes surrounded by CD34 + cells in lipoma enhancing adipogenesis and angiogenesis, respect to fatty tissue. Accordingly, in normal white adipose tissue, various authors have identified the immunophenotype of different components of stromal vascular fraction (SVF) [4, 5, 26, 27] based on CD34 cells positivity: preadipocytes, mature endothelial cells, and pericytes. Moreover, the immunophenotype differences, respect to lipoma tissue, include loss of CD34 expression with cell expansion with a concomitant increase of differentiative markers demonstrating adipogenic, osteogenic, and chondrogenic characteristics. In lipoma tissue, the persistence of CD34 positivity is associated with increased replicative capacity and maintenance of cell immaturity. Their mesenchymal stem cell properties play an important role in fibrosis and tumor stroma formation, due to immunological tolerance (immunomodulation) and to capability of synthesize and remodel the extracellular matrix. Consequently, CD34+ cells are a regulator of stromal collagen content and contribute to activate local fibroblasts through increased proliferative capacity (originating new fibroblasts), stimulation of growth factors and extracellular matrix protein. Moreover, CD34+ cells secrete VEGF, PDGF and IL-8, which promote angiogenesis [28, 29] and support postnatal neovascularization [5, 30] .
CD34+ cells, in lipoma, participate in tumor stroma formation and progression (in this case, also alphaSMA+). In lipoma, these cells are present in all or most cells, thereby contributing significantly to diagnosis. In other soft tissue tumours, the co-expression of other markers is common and this also has the meaning of malignancy.
Moreover, the enhanced proliferation activity in lipomas suggested that the augmentation of lipoma tissue may be due to the increased adipocyte turnover. Interestingly, our study revealed some characteristics associated with obesity. Similar to obesity, lipoma-derived adipocytes exhibited adiponectin downregulation and leptin upregulation. This suggested an adipocyte dysfunction. Moreover, in lipoma tissue, a terminal differentiation of lipoblasts was observed. The lipoma tissue revealed to be composed of mature adipocytes due to the PPAR-γ expression that was unchanged between lipoma and normal fatty tissue.
Inflammatory response is a customary and valuable basic pathological process. Very often, obese patients have elevated levels of C-reactive protein (CRP) due to a pro-inflammatory effect produced by some cytokines such as IL-6. In the microenvironment of inflammation, mediators can play a precise regulatory role in the mesenchymal stem cells' activity and they have a function in the damaged tissues. In our study we suggest that the effects of the CD34's persistent positivity are partially justified by the fact that injured tissues send signals to the cells, that are activated and exhibit an anti-inflammatory protein, tumour necrosis factor-(TNF) alpha, and a pro-inflammatory protein, interleukin-6. As it is well known apoptosis is proven to be a mechanism of defence against cancer. Albeit cells can commit suicide through various ways, the majority of cell death is arbitrated by the mitochondrial (intrinsic) pathway that is started by a profusion of signals, such as developmental cues, growth factor deprivation and DNA damage, in addition to several standard anti-cancer treatments. In this context, members of the BCL-2 family are crucial moderators of apoptotic cell death both in health and disease and their deregulation has been shown in cancer. Thereby, apoptosis might lead to genomic instability during phases of proliferation by promoting the rise of pathologic clones and consequent replication of stress-associated DNA damage. The pro-and anti-apoptotic BCL-2 family proteins intimately interact at the mitochondrial membrane and moderate the pathway of intrinsic apoptosis. Customary cytotoxic agents hinder upstream signaling pathways converging at the BCL-2 family level. Both exogenous and (epi)genetic alterations/modifications in the wide series of elements modulating apoptosis, result in progressive/advancing counteraction of pro-death signals. Extrapolating to human tumours, the capability of apoptotic cells to actively enhance proliferation of surrounding cells, for example by secreting mitogens, might be of major significance. More recently, studies have hinted that caspases, that are proapoptotic proteins, can replace dying cells by stimulating the proliferation of contiguous surviving cells. Clearly, proliferation induced by apoptosis can be crucial for the initiation and development of tumours. Nonetheless, apoptotic cells may affect surrounding surviving cells in other manners. We here can hypothesize that cell-cell interaction probably/possibly links proliferation and cell death either actively through signals evoked from apoptotic cells, or passively. Furthermore, immune and inflammatory cells supply an additional level of communication between dying and proliferating cells. Dying cells activate neutrophils, macrophages, mast cells and dendritic cells that secrete mitogenic cytokines like IL1, IL6 or TNFα. Hence, the immune and inflammatory systems, besides immune surveillance that is their major function, also promote malignant transformation under certain circumstances. Briefly, we suggest that comprehending the influence of death-driven proliferation on tumorigenesis, either mediated by inflammatory signals or directly, can uncover a new way to ameliorate therapy and possibly intercept the development of cancer.
These results suggest that other mechanisms are involved in increased activity of lipoma dependent on genetic or micro environmental factors [31] . However further studies will be needed in order to explicate the detailed processes concealed under this phenomenon.
The potential roles of the CD34 family include increasing proliferation (replicative capacity) and blocking differentiation of stem or progenitor cells that therefore maintain there undifferentiated progenitor/stem-cell phenotype (immaturity or stemness of the cell). Moreover, CD34 + plays an important role in wound healing, tissue repair, fibrosis and in tumour stroma formation. The CD34-positive lipoblasts are thought to depict an uncommitted cell able to differentiate multidirectionally in a mesenchymal way, and this hints the presence of an inverse correlation between CD34 expression and differentiation. Presence of CD34 + stromal cells is constantly noticeable in the stroma of lipoma. In conclusion, the presence of these cells may play some role in regulating the growth or the differentiation of tumour cells displaying a nodule appearance such as lipoma.
